Abstract-The technological innovation evolution is a selforganization process. There are complex characteristics in technological innovation system. From the perspective of system theory this paper illuminated the self-organization characteristics of technological innovation system and analyzes the self-organization mechanisms of the innovation process and characteristics of openness, dynamic, nonlinearity, fluctuation and indetermination and constructed the self-organization process model of technological innovation and diffusion then carried on the confirmation with statistical software to the model fitting degree and the model parameters, using the data of China communication market, obtained the quite satisfied result. These models have realized the integration of the natural sciences and the social sciences, and developed a new method for studying on the evolution and diffusion process of the technological innovation and diffusion.
I. INTRODUCTION
Innovation is the source of the human wealth and the great driving force for economic development. President Hu Jintao pointed out explicitly that we must construct an innovation and creative country with Chinese characteristics. Facing the present global financial crisis, foothold enterprise oneself, improving the capability of independent innovation appears to be even more crucial. Two disparate routes can be taken to construct the technological innovation system, one is otherorganization, and the other is a self-organization. The two forms' differences lies in the former shows the enterprise and the university are passive, the government is initiative; The latter appears the enterprise and the university is initiative, the government is auxiliary. At present, China's industry technological innovation is at the vigorous development stage. How to formulate and adjust cooperation mechanism according to the market shift and the social development request, the selforganization theory has provided us with one kind of new ideas. The self-organization theory studies chiefly the formation and development of self-organization system. The important conditions of forming self-organization are the openness, non-linearity, non-equilibrium state and fluctuation of this system. To carry on the analysis of technological innovation system by using the selforganization theory has practical significance.
II. THE RELATED LITERATURE REVIEW
The primary meaning of system theory is about the thing integrity idea and concept with connection and development [1] . In 1890, Marshall, a famous economist, in "Principle of economics" proposed that we should use the system biology the evolution thought to study the economics. Since the 1980's, with establishment and the development of the self-organization theory, there has been the school of theory of evolution which study innovation economics by using self-organization theory. American scholars Nelson and Winter (1982) published a book named "theory of evolution of economic change", and laid the theory of evolution School foundation for innovative research [2] . Ziman (2000) published a book "as the evolutionary process of technological innovation," and further expounded the idea of evolution of technological innovation. From the self-organization point of view, technological innovation is the innovation system forms with the process which evolves to the order; therefore, we can through the inspection technological innovation system with the condition which evolves to the order direction to reveal regularity of the evolution of technological innovation [3] . Subsequently, a group of foreign scholars done a lot of research on regional and national innovation system by using the self-organization theory, industrial, and obtained the rich research results [4] [5] [6] [7] [8] [9] .
In recent years, some domestic scholars attempt to use the theory of system self-organization to study social science research questions. Qin shushing (2004) pointed out that technology innovation is a complex system. Autonomy is the inside spirit of self-organized evolution of technology innovation system. Good social environments are necessary outside terms of selforganized evolution of technology innovation system [10] . Ai Renzhi (2005) analyzed the internal mechanism for the development of urban commercial banks and then suggests through introducing the openness and external negative entropy to build up the urban commercial banks' self-organization functions by applying self-organization theory, a relatively new theory, that is key and critical factors for the development of an organization [11] . Mao Jianqi and Yang Haishan (2006) indicated that the emergence of technological innovation is due to the interaction of its underlying factors such as knowledge, information and intelligence, plus the co -evolutionary process of market, humanity, society, and social system. Tech-innovation owes its success to the selection of the market; on the contrary, the failure of tech-innovation is its failure to be selected by the market [12] . Luo Wenjun and Gu Baoyan (2006) revealed the micro-mechanism of knowledge innovation and process-condition to increase success possibility of knowledge innovation on the base of theory of self-organization, and hoped to have some help to entrepreneurs and managers in practice [13] . Fang Linyu and others indicated that as a complex system, the independent intellectual property growth of SMEs is not only dynamic but also self-organized. Through a detailed analysis on the processes, mechanism and characters of self-organization of SMEs' independent intellectual property growth, they endeavors to contribute to the growth rate and success probability of independent intellectual property of SMEs in China [14] .
Looking at the above-mentioned studies we can find three aspects are insufficient. (1) In the research technique, they failed to get rid of the shackles of the traditional theoretical framework. (2) In the content system, research results are more scattered, lack of understanding to its complexity. (3) In the research angle, the quantitative analysis of technological innovation system evolution is insufficiency.
In view of the inadequacy of the existing literature, according to self-organization theory, based on the combination of industry economics and system dynamics theory, this paper takes the evolution of the technology innovation system and product proliferation as the research object. Through the analysis of technological innovation system structure and characteristics of selforganization, we set up the evolution models of selforganizing innovation systems, and analyze them. At the same time, we also analyzed the diffusion model of innovative products and take communications industry as an example to carry on the empirical analysis.
III. THE SELF-ORGANIZATION CHARACTERISTICS OF TECHNOLOGICAL INNOVATION SYSTEM
Self-organization theory is the theory about phenomenon and the rule of self-organization. The selforganization theory is consists of several parts: I. Prigogine's Dissipative Structure Theory, H. Haken's Synergetics, Thom's Morphogenesis, M. Eigen's Hypercycle Theory, Mandelbrot's Fractal Theory and Lorenz's Chaotic Theory. The theory reveals the evolution process from the disorder to the orderly of system. The self-organization theory studies chiefly the formation and development of self-organization system. The important conditions of forming self-organization are the openness, non-linearity, non-equilibrium state and fluctuation of this system. To carry on the analysis of technological innovation system by using the selforganization theory has practical significance.
Mr. Qian Xuesen, systems engineering scientist, said that the system itself trend toward an orderly structure can be referred to as a self-organizing systems. Selforganizing system is an open system which is for away from balance. With the non-linear change of external environment and internal subsystem, the system unceasingly hierarchies and move toward the ordered state spontaneously from the disordered state. Openness, dynamic, nonlinearity, fluctuation and indetermination in system are the important conditions for the formation of self-organization [15] [16] [17] [18] [19] [20] . Figure 1 clearly displays the self-organization structure of technological innovation system.
According to the self-organizing systems theory the phenomenon of self-organization needs the necessary conditions: (1) openness (2) non-equilibrium state (3) non-linear (4) mutation (5) fluctuations (6) positive feedback.
The evolution of technological innovation system is the polymerization and superimposition process of many technological innovation processes, is the process of innovation and cluster development. G. Dosi, a British economist, divided the clustering evolution of selforganization of the innovation process into two stages, namely the self-stabilization process and the selfrestructuring process. Subsequently he proposed a "technological paradigm-technical orbital model". The self-organization structure of technological innovation system is shown in Figure 2 .
IV. THE SELF-ORGANIZATION EVOLUTION MODEL OF TECHNOLOGICAL INNOVATION SYSTEM

A. The model of self-organization evolution
According to the mutation theory of Synergetics, the dynamic equation can be used to describe the evolution process of self-organizing system. [21, 22] .
x : Innovation maturity; a : Strength coefficient; b : Limit coefficient; ) (t Γ : Random "fluctuation".
Assuming that: 
B. Analysis of the evolution model
, we can get three steady-state solutions.
There are
is a steady-state solution of the system. In this case, (3) and when α increases and surmounts this point from the negative value, the innovation system both has the creation of new stationary state lives and increase of stable state number, as well as the exchange of stability. Significant changes of the system qualitative nature indicated that business, by emphasizing innovation, encouraging knowledge-sharing, achieves a qualitative change in the overall and seek new development, which is orderly process of evolution from a loss of the old structural stability to the establishment of a new structure. The innovation process is non-linear, and its evolution path is impacted by ) 1 ( 2 x ax − . Increasing the positive feedback coefficient a or reducing the damping coefficient b is the key to achieve a new selforganized structure. This is exactly the earlier analysis of necessary conditions and internal factors for the selforganization innovation [23] .
The technological innovation evolution of China's communications industry is a good example. China begins to apply Wireless paging technology from 1990's. 
A. The model of self-organization diffusion Assumption 1:
The innovation technology and the product owner have certain controlling force to target market's user and the price. The diffusion process is the three combined actions of proliferation main body, the competitor and the supplementary enterprise;
Assumption 2: We do not consider the spread of the first purchase and repeat purchase about the innovation technologies and products, only to consider the market share eventually of technology and products;
Assumption 3: The innovation diffusion process conforms to the logistic principle, and there is a technological innovation ability limit or the market maximum capacity.
The self-organization evolution tracks of the technological innovation system can be described by the S-curve of the ecosystem self-organized growth [24, 25] .
On the one hand, according to the Bass diffusion model principle, the following model can be used to describe the self-organization evolutionary process of technological innovation and diffusion system. 
The first item of right side in the equation (4) represents the part which was influenced by the externalfunction, called Innovators; the second item represents the part which was influenced by the internal-function, called Innovators Imitators. The S curve indicated that the diffusion speed increases firstly, and then reduces, but the number of innovation users increases unceasingly, and achieves the saturated condition (M) finally.
Set up the system initial condition 0 ) 0 ( = N . Separation the variable of the formula (4) and Take integrals to both sides. We can result in:
According to the equation (5) we can make the estimate and the forecast of the technological innovation diffusion.
On the other hand, according to the Logistic diffusion model principle, the following model can be used to describe the self-organization evolutionary process of technological innovation and diffusion system. r : Natural growth rate or diffusion rate of technological innovation.
The first item of right side in the equation (6) represents the part which was influenced by the externalfunction, called Innovators; the second item represents the part which was influenced by the internal-function, called Innovators Imitators. The S curve indicated that the diffusion speed increases firstly, and then reduces, but the number of innovation users increases unceasingly, and achieves the saturated condition (M) finally. Now, we will adopt Logistic diffusion model to study the issue.
B. Analysis of the diffusion model
In the diffusion model (6) Figure 3 and figure 4 , respectively, demonstrate the evolution and growth rate curve of technological innovation system. The time points 1 t and 2 t express the peak of growth speed and innovation ability (or call market absorption capacity) separately.
Separating the variable of the formula (6), we can get:
Taking integration to both sides of formula (7), we can result in:
In the formula C is the integral constant coefficient, and its value is decided by extreme value M and system initial condition ) 0 ( N . According to the initial conditions:
Therefore, the solution of formula (6) to meet the initial conditions is the next formula: 
According to the equation (9) we can make the estimate and the forecast of the technological innovation diffusion [26] .
VI. EMPIRICAL STUDY
A. Data selection
China communications industry has achieved rapid development over the past 10 years. The fixed phone users increased year by year, up to the end of 2007, the number of users has surpassed 350,000,000. The Chinese mobile network experienced the transformation from the analog network to the digital network. Mobile phone users have grown very rapidly, and the number of users has broken through 600,000,000. Chinese internet experienced the connection patterns transformation from dial-up to ADSL, and the current number of users has surpassed 350,000,000. The Chinese mobile network come through the analog network to the digital network transformation, the number of mobile network users grew extremely. Especially mobile network users developed rapidly near ten year, and the network user number already surpassed 600 million. China became having most mobile subscribers number in the world. This has cultivated the giant market for the 3G network, therefore the people paid more attention to rapidly promote China 3G network extremely.
Statistical data coming from the websites of China Internet Network Information center and Ministry of Industry and Information Technology of the People's Republic of China. The accumulation subscriber amount of the fixed phone, mobile phone and internet each year from 1991~2007 were shown in Table 1 .
B. Estimate and examination
Regarding the non-linear regression model, we must consider not only how to determine its concrete form according to the question nature and the union actual sample material which we study, but also must consider how to the parameter estimate in the model [27] - [29] . The non-linear regression model most commonly used method still was least squares method, but which needs to make the suitable transformation according to the model different type. Through the SPSS15.0's non-linear regression functions we estimate parameters showed in figure 2 , and the results of the estimated parameters are in Table 2 . VOL. 5, NO. 7, JULY 2010 According to the parameter estimated may obtain the popularizing mode of the total users showed in equation (10) 
According to the above models, we can make the fitting curve figures, such as Fig.5 to Fig.7 . As we can see from the figures, the diffusion of fixed telephone and mobile phone has entered a stable growth stage, and the results fit very well, The Internet network is still in the early stage of development, and the rate of diffusion is not stable. Its fitting result is not precise enough than the above two, but still reflects the basic trend of diffusion.
Through above analyses, we can legibly be aware that China communication market is not unsaturated; there are capacious markets to develop. After China entering WTO, communication market opening is the certainty of economic globalization. China telecom service industry once offered a great market for the development of Chinese communication manufacturing industry. However because it is not long for China carry out market economy and there has a lot to learn about competition rules or theory to Chinese communication industry.
Difference from other infrastructure pattern, communication industry can sustain the nature of spontaneous monopoly because of its characters in some sense. Compared with electric power, communication networks can penetrate to the society more rapidly. In traditional industry, the production cost per unit will increase with output under the restriction of resource and energy. So the value will decrease for a consumer with increasing quantity of every material goods, which is the principle of decreased marginal efficacy. In communication industry the cost will decrease with the increase of quantity, for there are less restriction of resource and energy. So the more the information, the more the utility the consumer will possess, which is the principle of increased marginal efficacy, the logical result of monopoly. On the other hand, monopoly will result in internal inefficiency and bureaucratize, which undermines the efficacy brought by market. communication company operate in standard principle of corporation rather than infrastructure or public products.
VII. CONCLUSIONS AND FUTURE WORK
By means of the self-organization theory which includes Dissipative Structure, Synergetic, Morphogenesis, Hyper cycle Theory, Fractal Theory and Chaotic Theory and combining with the Bass diffusion model principle, we analyzes the self-organization mechanisms of the innovation process and characteristics of instability, the multiplicity (branch), the sudden change and stochastic "the fluctuation" and constructs the selforganization model of technological innovation, then carries on the confirmation with statistical software to the model fitting degree and the model parameters, using the data of China communication market, obtains the quite satisfied result. This model has realized the integration of the natural sciences and the social sciences, and has more in-dept understanding about the achieve mechanism and the evolutionary process of the technological innovation and diffusion.
It can be seen from the research that studying on the questions of technological innovation system evolution from the system and evolution view conforms to the technological innovation process dynamic and the complexity, and it realizes a stable crosswise union between the natural sciences and the economic science. this develops a new mentality for researching on the technological innovation and diffusion. 
